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N the news

Quinze mille scientifiques alertent _ )
sur I’état de la planéte La production de pétrole

L'ampleur de I'initiative est sans précédent. Plus de 15 000 scientifiques de pourrait bientét ne plus

184 pays signent un appel contre la dégradation catastrophique de

I'environnement. S'U.fﬁ.re

Par Armelle Bohineust | Mis & jour le 05/03/2018 2 15:54 / Publié le 05/03/2018 & 12:47

LAgence internationale de I'énergie craint qu'aprés 2020 les capacités

Aj.l'bus déCIOChe la Plus importante d'exploitation soient insuffisantes pour répondre a la hausse de la demande.
commande de ’histoire de

I’aéronautique

L’avionneur a vendu au loueur américain Indigo 430 moyen-courriers ECONOMIE - TRANSPORTS

A320 Neo pour une valeur de 42 milliards d’euros.

Gigantesque commande de 300 avions Airbus
par I'entreprise d’Etat chinoise CASC

Selon le « prix catalogue », le montant de cette commande de 290 Airbus A320 et de 10 A350
s’éleve a pres de 31,8 milliards d’euros.

Le Monde avec AFP et Reuters - Publié aujourd’hui 4 18h38, mis a jour a 20h01

What does this mean
to you?



-ven more recently

« |Is évoquent la fin du monde, nous on parle de la fin
du mois. Nous allons traiter les deux, et nous devons
traiter les deux. »

Emmanuel Macron

Présentation de la Programmation Pluriannuelle de
I'Energie (PPE). November 27th, 2018.
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About 1 million years ago:
Fire domestication: lighting, heating, cooking
->improved health

C

Chenspec via Wikipedia



http://en.wikipedia.org/wiki/Outdoor_cooking#mediaviewer/File:Bonfire_11.jpg
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http://en.wikipedia.org/wiki/History_of_agriculture#mediaviewer/File:Maler_der_Grabkammer_des_Sennudem_001.jpg
http://fr.wikipedia.org/wiki/Agriculture_de_la_Rome_antique#mediaviewer/File:Byzantinischer_Mosaizist_des_5._Jahrhunderts_002.jpg

During the Roman Empire, agriculture provided food
to humans (some of them are slaves) and animals:
this was (almost) the only source of energy
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Fiesco via Wikipedia



http://fr.wikipedia.org/wiki/Colis%C3%A9e#mediaviewer/File:Colosseum_in_Rome-April_2007-1-_copie_2B.jpg

The Roman Empire in 117 AD
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Andrei Nacu via Wikipedia


http://commons.wikimedia.org/wiki/File:RomanEmpire_117.svg
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A famous example: the Dutch Golden Age (16th century)
- Efficient agriculture o
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- Peat



http://fr.wikipedia.org/wiki/Si%C3%A8cle_d%27or_n%C3%A9erlandais#mediaviewer/File:Hendrick_Cornelis_Vroom_Het_uitzeilen_van_een_aantal_Oost-Indi%C3%ABvaarders_(1600).jpg

11,

« Een Wonder en is gheen wonder »ti
Simon Stevin .

|



https://en.wikipedia.org/wiki/Simon_Stevin#/media/File:Simon_Stevins_zeilwagen_voor_Prins_Maurits_1649.jpg

Before using coal, 25 cubic meters of wood are needed
to produce 50 kg of iron
(in forty days, a forest is cleared on a radius of 1 km)

Diderot - D’Alembert via Wikipedia



http://fr.wikipedia.org/wiki/Charbonni%C3%A8re#mediaviewer/File:Charbonni%C3%A8re.jpg

In the UK, wood shortage leads to the discovery of
the potential of coal
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http://fr.wikipedia.org/wiki/Charbonnage#mediaviewer/File:Vendin-l%C3%A8s-B%C3%A9thune_-_Fosse_n%C2%B0_1_-_1_bis_des_Charbonnages_de_Vendin-lez-B%C3%A9thune_(A).jpg
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After WW2, almost exponential growth of oil co
opens the SO- called « consumer soc oty >

Reiche via Wikipedia


http://fr.wikipedia.org/wiki/Citro%C3%ABn_DS#mediaviewer/File:12-01-03-autostadtl-by-RalfR-41.jpg
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1973 Oil Crisi
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-> In Europe, emeérgence o ubl'ic debt and mass

unemployment

Eric Kounce via Wikipedia


http://en.wikipedia.org/wiki/Oil_well#mediaviewer/File:West_Texas_Pumpjack.JPG

Trajectories of Societies
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Johanna Pung via Wikipedia



http://commons.wikimedia.org/wiki/File:Evolution-des-wissens.jpg

Energy & GDP

Recent research in Economics has shown that:

* The empirical elasticity (measured from time series among
OECD countries over the last 50 years) of the consumption of
primary energy into the GDP is about 60%, which is 10 times
higher that what is predicted by the « Cost Share Theorem »

Elasticity can be quantified as the ratio of the percentage change
In one variable to the percentage change in another variable

* There is a causality link between the consumption of primary
energy and the GDP in the direction Energy -> GDP

y =) 3$<€




Energy & GDP

GDP billion constant $
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Source: The Shift Project - JM Jancovici




Energy & GDP

10%
~+Total World, oil consumption, 3 year average change
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Variation lissée de la consommation mondiale de pétrole (rouge) et du PIB par
personne (bleu). Source World Bank 2013 pour le PIB, BP Stat 2013 pour le pétrole

Source (in French): Jean-Marc Jancovici, « L’économie aurait-elle un vague rapport avec I'énergie? », LH Forum, 27 septembre 2013
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cnergy & democracy

Score moyen du Front National en fonction de la distance aux villes
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A must read

MATTHIEU AUZANNEAU

UH

LA GRANDE HISTOIRE DU PETROLE

NOIR




The Challenge (1)

Non renewable

> 80% - < 20%

Renewable




The Challenge (2)

Dematerialized economy does not exist on its own.

« YOu cannot compute food, and even if you could,
you would need an industry to build computers ».

D.R.



Modeling the transition



FROE]

 EROEI for « Energy Return over Energy Investment »
(also called EROI) is the ratio of the amount of usable
energy acquired from a particular energy resource to the
amount of energy expended to obtain that energy resource:

FROT — Usable Acquired Energy

Energy Expended

e The highest this ratio, the more energy a technology brings
back to soclety

e Notation: 1:X



Historic Oil and Gas Fields Global Oiland Gas

Wind Energy Nuclear

Photovoltaic Energy

Bitumen from Tar Sands
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The Net Energy CIiff \
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EROI:
B Net Energy for Society Energy Used to Procure Energy

Source: EROI of Global Energy Resources - Preliminary Status and Trends - Jessica Lambert, Charles Hall, Steve Balogh, Alex
Poisson, and Ajay Gupta State University of New York, College of Environmental Science and Forestry Report 1 - Revised
Submitted - 2 November 2012 DFID - 59717



Minimum EROI for Conventional Sweet Crude Oil

Society’'s Hierarchy of

Activity Minimum EROI Required

"Energetic Needs” . . - o
¥, dJ LS Health Care 12:1

N Education Sorl0:|

Support Family of Workers Jor8:l
Grow Food 5:
Transportation 3:
Refine Qil 1.2: 1
Extract Ol W

Source: EROI of Global Energy Resources - Preliminary Status and Trends - Jessica Lambert, Charles Hall, Steve Balogh, Alex
Poisson, and Ajay Gupta State University of New York, College of Environmental Science and Forestry Report 1 - Revised
Submitted - 2 November 2012 DFID - 59717



Modeling the transition

A discrete-time model of the deployment of « renewable
energy » production capacities

Budget of non-renewable energy

vte€{0,...,T—1},B; >0

dr > 0,347 > 0,3tg e R: VvVt € {0,...,T — 1},

—(t—1tq)
1 e T

—(t—t 2
T(l—l—@ (To))

Bt:




Modeling the transition

Set of renewable energy production technologies:

vned{l,...,.N}L,vVte{0,...., T —1},R,+ >0

Characteristics An:e >0

EROEIn,t Z 0

Deployment strategy

Rn,t—l—l — (1 + O‘n,t)Rn,t Xy ¢ ~ [ 17 OO[



Modeling the transition

Energy costs for growth and long-term replacement

vned{l,...,. NLVte{0,...,T —1},
On,t (Rn,ta O‘n,t) 2 O Mn,t Z O

Total energy and net energy to society

N
Vt€{0,....T—1},E; = By + Y Ry,
n=1

N
St = by — (Z Chnt(Rpt,0me) + Mn,t)
n=1



Modeling the transition

Constraint on the quantity of energy invested for
energy production

vt e {0,...,T — 1},

_ 1
oy Crp (Rt ne) + My < O__Et
¢




Modeling the transition

Further assumptions

 Energy cost for growth is proportional to growth, and
done initially:

An,t
EROEIn,t

Cn,t (Rn,t7 O‘n,t) —

an,tRn,t 1f O‘n,t 2 0

* Long-term replacement cost is (i) proportional and (ii)
annualized

1
Mn,t (Rn,t) — ERoEI tRn,t




By = 0.85Ey

Ri = 0.01E,

N
Y Ry =0.14E,

n=2

EROE]Lt =9

Al,t — 20
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Modeling the transition

* |Increasing the ERoOEI parameter

—————————————————

) ¢
vt € {0,...,T =1}, ERoEL; = 9+ (12— 9)
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A few suggestions

What kind of decisions can be suggested by such a « rough
model »7

* Price may not always be a good indicator
e Pay attention to the EROE]
* Energy efticiency: « do better with less »

The energy transition is a global process: how to prioritize
actions?

e Back to Maslow



Epllogue



During the collapse of the Roman Empire, the quality of the
food (measured from bones) improved (this may be explained
by the fact that the pressure of the Empire on agriculture
decreased with the collapse)

This i1s an example of « good news » that may come with the
switch from a society model to another...

and I beheve thls WI|| be the caser forthe energy

T e Jva"
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http://commons.wikimedia.org/wiki/File:Timgad_Trajan.jpg
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